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Abstract 
An UASB system is anaerobic wastewater treatment that produces biogas with low operation cost. The main problem of this 
process is operating at temperatures below 25OC which occurs in the winter season in Thailand. The aim of this work was to 
improve the efficiency of UASB system by mixing water condensate from electrical power plant with sugar influent before 
delivery to UASB reactor.  The optimized temperature was investigated. The result shows the efficiency of VFA and COD 
removal was obtained ca. 92% with temperature at 29-40 ºC. The maximum methane production (0.38 m3CH4/kgCOD) has higher 
than design parameters about 27.51% at 40OC. The methane production is reduced when the operating temperature is higher than 
40OC. Furthermore, the UASB could be considered for decreasing LPG cost in sugar refinery process. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
In sugar industry, an anaerobic treatment is widely used since it has several advantages over aerobic processes, 
including less energy required due to omission of aeration. Furthermore, biogas can be produced by anaerobic 
process which is an energy source by itself and also used to supply the other processes. A novel technology which 
has to treat wastewater is to convert renewable energy without combustion [1]. Upflow anaerobic sludge blanket 
(UASB) reactors have emerged as one of the most commonly used methods for the treatment of industrial 
wastewater especially in sugar factory [2]. In Thailand, UASB reactors in sugar industry is operated under a 
temperature range of 29 - 40 ºC, COD loading of 140 kgCOD/d and pH range of 6.5-8.5 which desired methane 
product could be 0.30 m3CH4/kg COD. However, during the cold season, the operating temperature was dropped to 
below 25OC that affects the stability of UASB system. This cause was decreased the reactor efficiency with low 
methane production [3]. An electrical power plant is one of the parts in sugar industry, which uses sugarcane 
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baggage as a feed in boiler. The water condensate from this plant has a high temperature range of 60-80OC which 
needs to be decrease temperature before delivery to wastewater plant. Thus, in this work, the water condensate will 
be mixed with sugar mill wastewater to maintain a temperature range of 29-40OC and find out the optimized 
temperature for UASB system. The objective of this work was to increase biogas yield produced from UASB system 
for sugar industry wastewater treatment. 
2. Materials and method 
2.1 Characterization of waste water 
Waste water was obtained from sugar and bioelectric plant in Mitr Phol Phu Viang, Thailand. The 
characteristics of waste water are shown in Table 1.  
Table 1. Characteristics of waste water from sugar and bioelectric plant 
Parameters Properties 
COD loading rate 140 kgCOD/d 
pH 6.5-8.5 
Temperature 29-41 ºC 
Total suspended solid (TSS) 150 mg/L 
Volatile fatty acid (VFA) 1,000 – 1,500 mg/L
2.2 Upflow anaerobic sludge blanket (UASB) reactor setup 
Fig 1 shows the schematic diagram of Upflow anaerobic sludge blanket (UASB) reactor. The UASB reactor 
was designed in–house. The process included an influent tank (1), reactor (14.5 L of volume) (2), gas analyzer (3), 
effluent tank (4) and biogas analyzer (5). The influent water was adjusted to design parameters by mixed waste 
water with tap water. The influent was fed to the reactor by up flow and then sludge was added at 30% of reactor 
volume. The biogas (CH4, CO2, O2 and H2S) was analyzed by gas analyzer. 
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Fig. 1. Schematic diagram of UASB reactor
3. Results and discussion 
3.1 The effect of temperature on methane production 
The effect of temperature on methane production in the reactor is displayed in Fig. 2a. The figure illustrates the 
methane production in 3 stages. So the first stage was during time at 3 – 16 days. At this time found with 
temperature below 34.32 ºC. During this stage, the methane concentration was lower than design parameters (0.30 
m3CH4/kgCOD). The second stage occurred from at 16 – 28 days with the temperature in a range of 34 – 39 ºC. The 
methane concentration was found to have significantly increased. The maximum methane was obtained ca. 0.37 
m3CH4/kgCOD at 39.15 ºC for 28 days. This temperature is the appropriate biogas production [4]. During the third 
stage from 28 - 35 days, the methane concentration was decreased at condition between 40 - 42 ºC. The lowest 
methane concentration was obtained ca 0.22 m3CH4/kgCOD  at 42.42 ºC.  
The relation between temperature and methane concentration was plotted with a regression equation in Fig. 2b. 
The regression equation found had the highest R2 value of 0.9032. The relationships shows temperature was 
significantly related to the methane concentration. The data was fitted in Eq.1 which indicated the range of 
temperature between 35 – 40 oC obtained the highest methane production. The unstable temperature in the reactor 
was observed and this could be the difference of temperature between influent water and reactor (Fig 3). 
Methane Concentration (௠
ଷ ஼ுସ
௞௚஼ை஽
ሻ = -0.0026(Temperature2) + 0.1986(Temperature) - 3.4327        (1)
 
3.2 The effect of temperature on the efficiency of UASB System 
 Fig 4a shows tree stages of COD removal. The first stage was observed at 28.50 – 32.67 ºC, the COD removal 
obtained 75 – 89 % removal. Similar research work has been reported by Suntud et al. [5]. The second stage was at 
temperature at 32.67 - 40.32 ºC. The increasing of COD removal was observed ca. 90 – 92%. Corresponding to 
F.Ilter et al. [6]. The third stage found a decrease of COD removal from 91.10 to 74.21% in a temperature range of 
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40 – 42 ºC. The effect of temperature on VFA removal is illustrated in Fig.4b. The VFA was separated in 3 stages 
by temperature region. The first stage occurred at temperature 28.5 – 32.12 ºC, the VFA removal was increased up 
to 85.25 %. The second stage found that the VFA removal ca. 90 – 92% with temperatures 29.65 – 40.32 ºC. The 
third stage was at temperature above 40.32 ºC. The VFA removal was decreased to 77.41% [7, 8]. Our UASB 
system has optimized efficiency of VFA removal and COD removal at temperatures of 30 - 40 ºC. 
 
         
 
      
Fig. 2. (a) The effect of temperature on methane production and (b) the regression equation of temperature and methane concentration 
 
Fig. 3. The temperature of influent water and reactor. 
 
 
         
 
Fig. 4. (a) %COD removal and (b) %VFA removal against temperature (ºC) 
4. Conclusion 
The UASB in-house system successfully increases efficiency by using waste water from sugar refinery and 
bioelectric plant. The optimize efficiency of VFA removal and COD removal was obtained ca. 92% with 
temperature at 30 - 40 ºC. At temperature 39.15 ºC, the maximum of methane production (0.38 m3CH4/kgCOD) was 
observed which was higher than design parameters of 27.51%. In the future direction, the UADB in-house could be 
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applied for treatment plant in Mitr Phol Phu Viang and this could decreasing LPG cost in sugar refinery process. 
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